ABSTRACT The purpose of this study was to assess inter-rater reliability and intra-rater reliability of the 2-minute, 90°push-up test as utilized in the Army Physical Fitness Test. Analysis of rater assessment reliability included both total score agreement and agreement across individual push-up repetitions. This study utilized 8 Raters who assessed 15 different videotaped push-up performances over 4 iterations separated by a minimum of 1 week. The 15 push-up participants were videotaped during the semiannual Army Physical Fitness Test. Each Rater randomly viewed the 15 push-up and verbally responded with a "yes" or "no" to each push-up repetition. The data generated were analyzed using the Pearson product-moment correlation as well as the kappa, modified kappa and the intra-class correlation coefficient (3,1). An attribute agreement analysis was conducted to determine the percent of inter-rater and intra-rater agreement across individual push-ups.The results indicated that Raters varied a great deal in assessing push-ups. Over the 4 trials of 15 participants, the overall scores of the Raters varied between 3.0 and 35.7 push-ups. Post hoc comparisons found that there was significant increase in the grand mean of push-ups from trials 1-3 to trial 4 ( p < 0.05). Also, there was a significant difference among raters over the 4 trials ( p < 0.05). Pearson correlation coefficients for inter-rater and intra-rater reliability identified inter-rater reliability coefficients were between 0.10 and 0.97. Intra-rater coefficients were between 0.48 and 0.99. Intra-rater agreement for individual push-up repetitions ranged from 41.8% to 84.8%. The results indicated that the raters failed to assess the same push-up repetition with the same score (below 70% agreement) as well as failed to agree when viewed between raters (29%). Interestingly, as previously mentioned, scores on trial 4 increased significantly which might have been caused by rater drift or that the Raters did not maintain the push-up standard over the trials. It does appear that the final push-up scores received by each participant was a close approximation of actual performance (within 65%) but when assessing physical performance for retention in the Army, a more reliable test might be considered.
INTRODUCTION
The push-up is used to assess and to develop shoulder-arm and upper body strength/work-capacity. [1] [2] [3] [4] Military personnel from Army, Navy, Coast Guard as well as numerous NATOwide armed forces [5] [6] [7] participate in a semiannual or annual physical fitness test (PFT) which includes a push-up test. Because of the physical nature of military service, U.S. Army personnel are required to successfully pass the Army Physical Fitness Test (APFT) as one assessment of physical capacity and to remain in the active Armed Services. In addition, performance on any of the military physical fitness tests is a factor in retention and promotion which reinforces the need for optimal performance.
The Armed Services employ the 90°push-up and the number of repetitions completed in 1 to 2 minutes of exercise. 2, 8 A 90°push-up is successfully completed when the body is lowered as a unit from the starting position until the upper arm is parallel with the ground and the angle at the elbow is 90°. The utility of the test protocol allows for many people to be tested in a relatively short period of time and without additional equipment. In the U.S. Army, push-ups are evaluated by unit officers. Not only is proper execution of the push-up critical to accomplish expected training outcomes, but valid assessment of physical performance and fitness levels requires reliable evaluation of push-up technique.
Assessing proper push-up technique can be problematic (accurately judging the proper "up" position with arms fully extended and "down" position with the elbow at 90°). Hand placement and body position are easily defined, but observing and evaluating the complete extension of the elbows in the up-position and accurately judging the down position 9, 10 are especially difficult when the test subject is moving rapidly, as in the 2-minute APFT test; for example, military personnel typically attempt to accomplish as many push-up as possible in the first minute approaching a frequency of 1/second. Inter-rater reliability, 11 or the agreement in scores between two or more raters, does not appear to be consistent with reported correlations ranging from 0.22 to 0.88. 10, 12, 13 A number of studies comparing push-up assessment within the same rater across 2 or more trials (intra-rater reliability) suggest a high degree of agreement (r = 0.85-0.97).
7,14,15 However, in other studies, intra-rater agreement has been found to be highly variable (r = 0.22-0.87). 10, 13, 16 Some research was conducted using a 90°push-up such as used in the Fitnessgram 10, 12, 16 while others used a modified bent-knee push-up. 15 Based on the research, the scoring appears to be somewhat rater-dependent. Murr (1997) used videotaped push-ups and found that intra-rater reliability values ranged from 0.63 to 0.97 although inter-rater reliability values ranged from 0.36 to 0.56.
Baumgartner et al 10(p226) diagrammed proper hand placement and body position for the push-up and stated that "one problem with the push-up test is specifying a down position which individuals can successfully execute and test administrators can accurately judge". Accurate assessment of the down position requires raters to make a judgment to determine whether there is a 90°angle at the elbow. An auxiliary issue is how consistent the rater is when viewing the same push-up over time or rater variability. Part of the assessment error appears to be related to the ability or lack of ability of raters to view and rate an identical push-up in the same manner over time and determine whether it meets the standard definition and should be counted or considered "acceptable". Although most of the research on push-up assessment has focused on inter-rater reliability, little research has focused on multiple trial intra-rater reliability. Further, previous research assessing intra-rater and inter-rater reliability have only compared agreement among total scores and have not compared agreement among individual push-up repetitions.
The purpose of the present study was to assess interrater reliability and intra-rater reliability of the 2-minute, 90°push-up test as utilized in the APFT. Analysis of rater assessment reliability included both total score agreement and agreement across individual push-up repetitions.
METHOD
Participants Participants (n = 15; 12 males and 3 females; age = 21.2 ± 1.0 years) from the U.S. Military Academy (USMA) provided informed consent and were videotaped during the execution of the 2-minutes push-up test which was part of their semiannual fitness assessment requirement.
Faculty members (n = 8; 7 males and 1 female) were randomly selected from the USMA Department of Physical Education faculty to serve as raters. All raters received a written and oral description of the study and gave informed consent to participate. The raters comprised of four military and four civilian personnel; two of the civilian raters were retired military. The raters had a mean age of 40.5 ± 9.8 years and taught at USMA for an average of 8.2 ± 9.0 years. Military personnel (including the two civilian, retired military raters) served an average of 15.4 ± 8.0 years in the Army. All selected raters regularly administer the APFT during USMA's semiannual testing. All experimental procedures were reviewed and approved by the Academy's Institutional Review Board.
Protocol
The videotape of the 15 push-up tests was digitized and recorded onto a compact disc. The viewing angle of the push-up performances was recorded from a diagonal position forward and to the side of the performers, replicating the typical viewing angle of an authentic test. To assess inter-rater reliability and intra-rater reliability, raters (n = 8) viewed the digitalized push-up videos in real time (no slow motion or review of individual repetitions or tests) and verbally responded "yes" or "no" to each push-up repetition.
Responses were recorded by study investigators. Raters completed four separate assessment trials by reviewing each of the 15 recorded tests. For each assessment trial, the 15 test videos were played in succession without stopping and the time between each individual 2-minute push-up test (30 seconds) was exactly as would be experienced during a typical semiannual APFT. Each assessment trial was separated by a minimum of 1-week. A minimum of 7 days was chosen because the average person can only retain between 5 and 9 objects in working memory which would make it very difficult for each rater to remember the evaluation on each of 1,015 push-ups assessed in each trial. 17 The order of presentation of the 15 individual push-up tests was varied between trials so that individual videos were shown at the beginning, middle, or end of the different trials and the order of viewing was varied between trials so each test was viewed by the raters at approximately the same time over the period of four trials.
PROCEDURES

Definition of a Push-up
The Armed Services use similar standards in executing the proper push-up. The push-up protocol according to the U.S. Army in Field Manual 7-22 (2012) states that the participant begins in a front leaning rest, with the body generally straight from shoulders to ankles.The participant "begins" the push-up by bending the elbows and lowering the body as a single unit until the upper arms are at least parallel to the ground (90°push-up) and then return to the starting position by raising the entire body until full extension of the arms. The body must remain rigid in a generally straight line and move as a unit while performing each repetition. Failure to keep the body generally straight and moving as a single unit, to lower the whole body until the upper arms are at least parallel to the ground, or to extend the arms completely will constitute a failed, uncounted repetition. 2 
Data Analysis
Data are presented as mean and ± standard deviation (SD) ( Table I) . Data analysis was conducted with SPSS v. 17 Statistical Package (Armonk, New York) and the R statistical program. Inter-rater and intra-rater reliability were evaluated within and across the four assessment trials using Pearson product-moment correlation as well as the kappa, modified kappa (M-kappa) and the intra-class correlation coefficient (ICC). In addition, an Attribute Agreement Analysis (Minitab v. 15, State College, Pennsylvania) was conducted to determine the percent of inter-rater and intra-rater agreement (reliability) across individual push-up repetitions.
The Pearson product moment correlation coefficient is used to determine the degree of linear dependence between two variables. The kappa is a measure of inter-rater agreement while the M-kappa calculates inter-rater agreement when there are more than two unique raters and more than two ratings. Intra-class correlation coefficients (ICC 3,1) scores range from 0 to 1 and are "a measure of the relatedness of clustered data and accounts for the relatedness of clustered data by comparing the variance within clusters with the variance between clusters". 18(p206) Artero et al 9(p161) suggested that an ICC between 0.70 and 0.80 is questionable, 0.90 is considered "high" and a score close to 1 indicates 'excellent' reliability. "ICC is an appropriate overall summary measure of agreement because it reflects both systematic bias and random error. These statistical procedures were utilized based on having multiple raters over multiple trials which provided more appropriate results than other statistical methods and were used by previous studies [9] [10] [11] [12] (i.e., Fleish-kappa). Tukey's post hoc comparisons were conducted to evaluate mean differences in push-up score between raters because an equal number of observations were completed across raters.
RESULTS
The means and SDs for the eight raters over the four trials as well as the grand means are presented in Table I . The grand mean of the first three trials (53.0 push-ups) was statistically lower than trial four (58.2 push-ups; p < 0.05). Tukey's post hoc analysis found that the values obtained for Raters 1 to 5 were statistically different than Rater 6. Raters 1, 3, 4, and 5 were statistically different than Rater 8, and Rater 4 was statistically different than Rater 7 ( p < 0.05). Overall, Raters 1 to 5 tended to agree with each other while Raters 6 to 8 tended to agree with each other but not the other raters.
Over the four trials, six of the eight raters scored the participants within an intra-rater range of 3.0 to 7.2 pushups or approximately 0.2 to 0.5 push-ups per participant (range/15 participants). However, two raters had a range of scores of 19.2 and 35.7 push-ups which equates to 1.3 and 2.4 push-ups, respectively, per participant. Noteworthy is the mean push-up scores for Rater 8 increased from trials 1 to 3 from an average of 36.5 push-ups to 69.7 push-ups in trail 4. The increase of over 33 push-ups came from counting numerous repetitions in two sets of push-ups as "good" when they were not counted in the previous trials.
Pearson correlation coefficients for inter-rater and intrarater reliability identified inter-rater reliability coefficients were between 0.10 and 0.97. Intra-rater coefficients were between 0.48 and 0.99 (Table II) .The results for individual push-up repetitions for intra-rater agreement ranged from a high of 84.8% (Rater 4) to a low of 41.8% (Rater 8) (Fig. 1) . The average percent of agreement of total push-up score, kappa, M-kappa statistics, and ICC are presented Table III . ICC values for each rater (0.25-0.52) were below the questionable range of 0.7 to 0.8. These values suggest low intrarater reliability.
The intra-rater percent agreement ranged from 0.60 to 0.92. Similar to the results presented in Table I , Raters 1 to 5 had a higher percentage of intra-rater agreement than did Raters 6 to 8. On the M-kappa, raters scored between Bold values represent intra-rater reliability.
0.14 and 0.52. In addition, all raters scored below the questionable range on the ICC with values ranging from 0.25 to 0.52.
DISCUSSION
Push-up assessment is an important component of military fitness. Properly scoring push-ups has implications related to retention and promotion within the military ranks. Accurately assessing push-ups is difficult when the participants are attempting to complete as many repetitions as possible in 2 minutes. Many participants attempt as many push-ups as possible within the first minute of the test which makes proper assessment and correction difficult for the raters. Raters can have significant variability between and among themselves which can influence the scores of individual push-up assessments. Using two different statistical measures that calculated overall scores as well as individual push-up assessments, the results produced similar outcomes. Intra-rater reliability was below 70% agreement (Pearson's r = 0.69 and Attribute Agreement Analysis = 0.64) which did not meet the minimal level of 0.80 which was acceptable based on previous studies. 19 Therefore, using the Attribute Agreement Analysis (Fig. 1) , the rater viewed the same push-up and scored it the same way (either always "yes" or "no") between 65% and 70% of the time. Previous studies utilized correlation values of between 0.75 and 0.85 as acceptable. [19] [20] [21] Using Baumgartner & Jackson's value of 0.80 as acceptable, Person product moment correlations identified 33 out of a possible 48 intra-rater correlations met that level of acceptability or 69% of the time intra-rater agreement reached an acceptable level.
Trial 4 varied significantly from the first three trials by greater than 5 push-ups. Trial 4 scores were the highest totals for four of the eight raters and Rater 8 scores increased by over 33 push-ups from the average of the first three trials. The increase in push-ups scored as being correct could possibly be attributed to rater drift 22, 23 (operationally defined as the inability of the rater to maintain the standard over time). The raters were challenged to maintain the proper standard over time. They tended to drift from the standard as the test progressed. Only 1 rater (Rater 5) had the lowest average in trial 4. During actual tests of the APFT push-up, raters can grade 30 to 40 separate trials during 1 day and will experience some degree of drift because of the sheer number of push-ups. This study seems to indicate that as the trials on test day go on, the raters tend to become more lax in grading push-ups. Keeping the raters focused and maintaining the same standard throughout the test period is a challenge.
Comparing the 512 possible inter-rater correlations individually identified when creating the summary in Table II but not shown, only 148 correlations or 29% of the time was there agreement between raters at an acceptable level. The wide range of inter-rater correlations (0.10-0.97) and the wide range of push-up scores between raters (3.0-35.7 push-ups) seemed to indicate that the final score the participants received at the end of 2-minutes of push-ups was somewhat dependent on which rater they had, and how long the rater had been grading push-ups that day. The same participant might receive a passing grade from one rater and a failing grade from another rater or from the same rater, depending on the day or the number of push-ups the rater had already scored that day. Even though three of the eight raters were significantly different than the other five, it appears that participants did receive a close approximation of their actual performance on the push-up test (within 65%). Since a graded event such as the APFT may determine class rank, branching preferences and Order of Merit (rank in class) at USMA or may be a factor in retention or promotion in the Army, the results are particularly troublesome in trying to be fair for all soldiers. In the Army, class rank is not applicable but retention is an important consideration. Since military personnel must take and pass the APFT on a semiannual basis, accurate assessment is essential.
Interestingly, the wide range of scores within and between raters indicates that a more accurate assessment of push-ups needs to be implemented. Some have suggested that the use of a cadence which slows down the push-up repetition may improve push-up assessment by allowing the rater to recognize proper positions, thereby improving inter-rater and intrarater reliability. 10, 16, 24 In earlier versions of the push-up test at USMA, a clicker board was utilized as a standard to measure the "down' position of the test. A board was placed under the performer's chest and during the test, the chest had to contact the board, which made a clicking sound, in order for the push-up to count. Although the clicker board is no longer utilized at the Academy, a laser or similar technology could be implemented to correctly measure the "down" position of the push-up. Another possible test for shoulder-arm and upper body strength/work capacity is the bench press 25 but the challenge of testing large numbers of soldiers can be problematic. Also, the Army is developing a new fitness assessment that might include a pull-up assessment to measure upper body muscular endurance. In addition, technology now exists in the form of Xbox 360 Nike + Kinect Training, PhysiHome 26 and similar computer systems that can produce automated movement analysis and can specifically assess push-ups.
One of the initial factors in using the push-up as an upper body muscular assessment was that the test did not require any equipment. Using another testing form would require more equipment but could produce a more accurate assessment. Another consideration is testing large numbers of soldiers in a limited amount of time. There is a compromise between accurate assessment, equipment requirements, time constraints, and testing large numbers of soldiers in determining the appropriate assessment for the military.
Further research needs to be undertaken to determine if a cadence push-up, laser, bench press, pull-up, other technology based assessment, or providing raters with scheduled breaks will significantly alter/improve inter-rater and intra-rater reliability. However, while using another form of assessment may improve rater assessment of the push-up, it will certainly alter the physiological assessment of the test; for example strength versus work capacity. Thus, additional research is needed to determine the impact of an alternate measurement on push-up performance and physiological factors assessed.
RECOMMENDATIONS
This study provided information on rater reliability of the 90°push-up test. The push-up test has been utilized by military organizations because of the ease of administration and lack of required equipment. It appears that the 2-minute 90°push-up test is difficult to properly assess. In addition, better test administration or alternative assessments might improve inter-rater reliability. Reliability might also be improved if the raters are given periodic breaks. Breaks might provide the opportunity for the raters to refocus on proper execution of the push-up and alleviate some of the "drift" in assessment that might occur. Although this study controlled for a change in rater performance by varying the order of the videos, rater performance appeared to drift or not be able to sustain the standard toward the end of each session.
The Army is currently investigating a new fitness test which might include the pull-up or another form of this test as an assessment of shoulder-arm and upper body strength/ work capacity. If a new assessment is implemented, this might reduce the variability of the raters. Until a more reasonably reliable and objective test can be identified, either with the use of a cadence, laser, bench press, pull-ups, computerbased system, scheduled breaks, or other methods, the results of the 90°push-up test should be carefully considered.
